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THE LANDING STAETLITY OF A POWSRED DYUAMIC MODEL OF A
FLYING BOAT VITH A 30° V-STEP AND WITH
TWO DEPTHS OF THANSVERSE STEP
By John B. Parkinson and Norman S. Land

SUMMARY

Tests were made in NACA tank no. 1 of a powered
drnamic model of a fowr-engine long=-range flying boat
with a 30° V-step and two different transverase steps of
ccmpareble peslitions and denths, The tests indicated
theat similar landing s+tabillty 13 obtained with a 30°
VY-step and a trancsverse step having the same depth as
the 30° V-step at the keel.

INTRODCCTION

i

It was concluded in reference 1 that varlations in
the plen form »f the step of a flring boat heve only a
small effect on the lower trlm linit of stehllity and on
the range of stable vosltions of the center of sgrevity.
The effects on the upper trim 1limit of =tahility and on
the landing =tabillty are attrlbuted malnly to changes 1in
the effective depth of etep iIntroduced by the variation
in plan form.

Tests of a powered dynamic model of a four-englne
long-range I'lylng boat were recently made in NACA tank
no. 1 to investigete the landing stability with a 30°
V-gstep and with twe transverse steps of comparable posli=-
tion and depth to those of the 30° Vestep. The results
are presented herein to supplement the information of
reference 1 and to provide addltional informatlon on
which to base the deslign of the step.

MODLL AND PROCEDURE

The flying boat represented during the tests had a
gross weight of 76,000 pounds, & gross-=load coefficlent



of 1.02, a wing loadlng of 42,7 pounds per square foot,
and a power loading of 10.5 pounds per hLorsepower. The
model was 1/8 full size and was powered by scale pro-
pellers developing scale thrust.

The form and dimenslons of the steps tested, as
measured on the mcdel, are shown Iin figure 1, The depth
of the V-step, which was chosen erbltrerily, was more than
sufflclent for satisfactory landing stability. (A model
with a step of helf the depth of this step showed violent
skipping characteristics.) Thc depth of tl.e shallow
transverse step, excludlng ckine flare, was equal to the
depth of the V-step at the transverse section through its
centrold (center of gravity of the plan foirm of tle step,
1/3 the distance from th=z chine to the keel). The depth
of the deep transversc stsen was equal +to the depth of the
V-step at 1ts keel. Poth transverss steps were located
at the centrold of the plan form of the V-step hecause
In reference 1 the statle range of positions of the center
of gravity wlth the treaisverse steps In this location was
srown to be the egqulvalent of that wlik the V-siep.

The trim lirits of stahllity of tke model were ob-
tained In the usual marner, as descrltred 1n reference 2,
The landing stabililty vas further Investigated by actuel
landings of the rcdel vhlle the towlng carrlage was
belnr decelerated, as cdescribed in relerence 1. Landlngs
were mads at varicus trims with the thirust corresponding
to full power, ané motion-plcbure recorés were made of
the resulting behevior of tre mocel,

RKE3ULTS AMD DISCU3SION

The trim limits of stabllity o»telned with the
various stops are shown in filgarc 2. ¥o rignificant
change 1n tre lower linit wus obteinad. The upper
limits &t igh sreeds sre l'igher for tre V-estep than for
tlhe transverss steps. The s»orcad hotveen the two
branclres of the upper 1limit 1s greater for the shallow
transverse step tran ior the deep transverse step or the
V-Step.

The curve of lancing speed for various trims is in-
cluded in fipgure 2 to show the relation of the upper
limits, as usually ohisined, to the [lying speed. From
prellinminary tests of arother model, it 1s belleved at the
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present tlme that the lower hranches of the upper limlts
also extend to- flylng apeed. - -

A summary of the landing characterlistice obtalned
with the different steps, as derived from the motion
plectures, 1s given 1n table I. As referred to 1n the
table, a skip 1s defined as a vertical motion of the
model, subasequent to a landlng, of such magnitude that
the step comes clear of the water. If the number ef
skips is considered a2s en 1ludlcation of the landing in-
stabllity,. the stabillty of the model with the deep
transverse step 1s comnarable with that of the model wlth
the V-step; whereas tis stablllty wlth the shallow trans=-
verse step 18 markedly less than tlet with elther of the
other twc steps. These more unstuble landing charaztere
istlics wlth tlre shallow transverse step are belleved to
be &associated with the greater spread betwecn the twe
brenches of the upper 1limit for this step as noted in
firurs 2.

The frontal area and mesn zeometric depth (frontal
area divided by thc bean) are aporoximately 2& percent
less for the V-step than for the deep transverse step
having comparable landing characteristics. If it 1s
assumed that the frontal area 1s a rough indication of
the 1lncrement in aerod;namlc cdrag caused by the step
(refercnce 3), there would be &n over-all adventage in
nsing a moderste V-plan form for the stepr, in preference
to a stralight transverse plen form,

COICLITSTION

The tests made on & powered éynesnlc medel of a four-
engine long-range flylng dboat 1ndicatedothat sluilar
landing stability 1s obtalned with a 30 V-ntepoand a
tranaverse step having tine eauwe depth as the 30~ V-step
at the kesel.

Langley ssuorial Aeronautical Laboratory,
Hational Advisory Comalttee for Aeronautlcs,
Langley Field, Va.
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TABLE I.~ LANDING CHARACTERTISTICS OF MODEL

T - WITH TEREE STEP CONFIGURATIONS

Trim at contact

Speed at contact

Landing characteristics

(deg) (fps)
V-3tep

15.0 8.0 Full stall, 1 skip
11.0 39.8 1 skilp

9.0 41.0 Stable

8.5 42 .4 Stable

7.0 46,0 Stable

6.0 45,0 3table

5.0 £3.0 1l skip

Shall-w transveraes step

14,0 7.0 Tll stall, 1 skip
11.0 0,0 3 <kips

9,0 42,2 1 skips

7.0 £E,.5 5 skips

€.0 49.5 Steble

5.0 £3.4 1l skilvp

Leev trancverse step

14.0 9.6 Full stall, 1 skip
11.0 39.5 1 skilo

8.8 43,5 1l ski»

7.2 47,0 Stable

5.7 B2.2 Stable
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Figure 1l.- Dimeneions of V-step and transverse steps (inches),
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Figure 2.- Comparison of trim limits of stability for a 30° V-step
and two transverse steps.
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